METHODS
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diazonium solution (of minimal volume to avoid disturbing the SWCNT concentration, typically < 0.3% increase in volume) was added to (6,5)-enriched solutions at the desired molar reactant ratio with stirring and briefly protecting it from light (20 min) to allow the aryldiazonium to diffuse to the SWCNT surface before the intended irradiation. Solutions were continuously irradiated with the monochromator-selected (10 nm bandpass) output from a 450 W Xenon arc lamp with stirring. The reactions were protected from ambient light.
Power density experiments. Absorptive neutral density filters (Edmund Optics) were placed in the beam path of the incident irradiation (monochromator-selected output from a 450 W Xenon arc lamp). Spectroscopic characterization of reaction. Fluorescence spectra and excitation-emission maps were collected on a HORIBA Jobin Yvon Nanolog Spectrofluorometer equipped with a 450 W Xenon arc lamp and a calibrated multichannel InGaAs array detector. Samples were monitored spectroscopically, infrequently to avoid light contamination, until defect PL peak intensity stabilized (approximately 3 and 250 h in the case of samples irradiated and protected from light, respectively). We note that the reported PL intensities are peak intensities. Once stable, ultraviolet/visible/near-infrared (UV-vis-NIR) absorption spectra were measured using a PerkinElmer Lambda 1050 UV-vis-NIR spectrophotometer equipped with a photomultiplier tube and a broadband InGaAs detector. Samples were prepared for Raman spectroscopy by precipitating SWCNTs in ethanol. Raman spectra were collected using a Horiba S8 Figure S4 . E 22 -resonant light (565 nm) is used to drive functionalization of a 6-week aged (top) sample of (6,5) SWCNTs and NO 2 -BDT to generate bright defect PL at E 11 -(bottom) whose position is consistent with that of nitrobenzene moieties. Figure S5 . PL emission spectra (blue, red) of all samples used in wavelength dependence study. The emission spectrum of pristine (6,5) SWCNT (black) is included for reference.
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Evaluation of photo-induced electron transfer mechanism.
Apparent quantum efficiency (AQE), a measure of the efficiency of the conversion of absorbed incident photons to covalent bonding, was calculated using our defect PL intensities at E 11 -(565 nm exc.; see Figure S6 ). The resulting plot of AQE versus irradiation energy was overlaid with the optical absorption spectrum of the SWCNT as shown below.
The number of incident photons was calculated based on the incident irradiation power which was measured by a calibrated power meter. The incident power densities at 312 and 345 nm were extrapolated based on the output spectrum of the Xe arc lamp because these energies lie outside of the power meter's calibration range. All AQE values were normalized to the highest value for simplicity. 
